major sources of biological and cultural diversity [19, 20, 21] . Mountains are the repositories of faunal and floral resources and are characterised by the availability of high agro-biodiversity. They are the most fragile, dynamic and sensitive landscapes of the world [22] , which are highly vulnerable to climate change and prone to weather induced natural hazards. Furthermore, mountain systems are characterized by high cultural diversity, as they are the homes of many ethnic groups. Many mountain regions are economically underdeveloped and geographically isolated [23] .
Social changes refer to changes in population size, occupational structure, livelihood patterns and economic development, whereas ecological changes refer to changes in the natural environment such as land use and cropping patterns. Increasing variability of climatic conditions such as untimely precipitation, unexpected frosts and storms have changed socio-ecological aspects in the Himalayan region [24] . Research on climate change in the Himalaya displays consensus on some important points. It has been observed that the main trends of climate change are increasing aridity and warmer winters [25] . Crops that were originally not grown in the region such as tomatoes and vegetables are now providing new income sources for farmers [26] . On the other hand, traditionally grown fruits such as apples have lost importance.
The high Andean mountain in South America also received several socio-ecological transformations due to climate change. Climate change has let threats to tourism, access to water and livelihood options of households. It has reduced agricultural productivity and lost economic, social and market conditions [27] . Vuille et al. [28] observed that most visible sign of climate change is melting glaciers and snow of the high Andean peaks, which have receded dramatically and completely in some places since the Little Ice Age. Recently, climate change has a dramatic impact on the landscape in northern Ecuador and Colombia [29] . Rhoades [30] reports that in addition to the disappearance of the glacier, local inhabitants noted changes in the seasonal rainfall pattern. Agricultural practices have been influenced constantly by climate change. A decrease in crops yield led the farmers to complement these practices [31] .
The Himalaya is the youngest and also the tallest mountain system in the world. The world's largest glacial rivers originate in the Himalaya. It is one of the biodiversity hotspots of the world [32] . Diversity varies with altitude. Here, 86 agronomic and 11 horticultural crops have been growing since time immemorial [33] . The traditional agricultural systems are the repository of many crops and cultivars. Most of them are still little known to mainstream societies and have a better adaptability than modern agricultural systems to environmental and social conditions [34, 35] . The Himalaya is worst affected by climate change and terrestrial and atmospheric natural hazards. The ecologically fragile Himalayan region is vulnerable to climate change as has been noticed in socioecological systems.
Climate change impact has been observed in the Eastern Himalaya. The Indian Meteorological Department records that the amount of rainfall received by the Eastern Himalaya in 2006 monsoon season stands to be the scantiest for a period of 25 years, since 1982 [36] . Decrease in rainfall and increase in temperature have changed cropping pattern and decreased production and yields of crops [37] . The traditional crops under shifting cultivation have lost their area due to a decrease in production and yields and thus, most of the farmlands are either put fallow or used for cultivating cash crops [38] .
The Garhwal Himalaya is an integral part of the Himalayan mountain system, with social, ecological and physiographic similarity. It is an administrative unit in the state of Uttarakhand comprising of seven districts ( Figure  1 ). About 93% of the region is mountainous, while the remaining 7% can be characterized as fertile plains (Tarai plain and Doon valley). Forest covers about 65% of the total area, whereas arable land is only 12%. Household income largely relies on food production and remittances1. The productivity of the traditional subsistence farming systems that cultivated mainly cereals is not sufficient to cover the food demand of the local population. Further, changes in socio-ecological patterns have accentuated food insecurity and thus triggered migration to other parts such as the Tarai plain and Doon valley in search of jobs. Settlement activities focus on the plains and the middle altitudes, while the higher altitudes are mostly wilderness.
The Garhwal Himalaya has experienced significant socio-ecological changes in recent decades. The major factors behind socio-ecological transformations are both natural and social ( Figure 2 ). Climate change including temperature variation and seasonal changes in precipitation along with natural hazards are the major natural driven factors. Social changes in terms of decrease in population size increase in education level, employment, economic growth, improved living standards, and changes in food habits, occupational structure and the male-female ratio are the most recent patterns. Rural-urban migration, an increase in the number of educated people and waves of modern civilization are the major driving forces of these social changes. The Garhwal Himalaya has also undergone land use changes, with modifications in the cropping pattern and distribution pattern of fruit trees. In parallel, a decrease in productivity of the cropping systems has been observed. These changes affect particularly the valleys and the mid-altitudes in the Himalaya. The people in the Garhwal region are consequently forced to migrate.
The Garhwal region is prone to and very sensitive to occurrences of natural disasters, as it is ecologically fragile, tectonically and seismically active and geologically sensitive. Weather induced natural disasters such as debris flows, flashfloods, landslides and mass movements are very common. Almost every year, heavy losses to lives and properties take place. Anthropogenic activities such as the construction of roads, hydropower projects ( Figure 4 ) and settlements along the river valleys have accentuated the magnitude of disasters ( Figure 3 ) valleys, killing more than 10,000 people and causing huge damage to property -agricultural land and settlements [39] .
The main purpose of this study is to examine the patterns of socio-ecological transformation due to climate change. It also discusses other major driving forces such as variation in temperature and precipitation, high intensity and frequency of natural hazards, education and waves of modern civilization that have influenced the socioecological systems in the Garhwal Himalaya. It focuses on the recent trends of climate change from global, mountain and Himalayan perspectives, and studies its social and ecological implications and people's adaption to climate change. It concludes with coping strategies that ensure sustainable regional development.
Materials and Methods

The Study Area
The Garhwal Himalaya stretches from 29 Altitude ranges from 500m above sea level to more than 7,000m. It comprises three landscape types -the great Himalayan ranges, middle Himalaya and lower Himalaya/ Shivalik ranges. The great Himalayan ranges, which lie above 3,500m, are perpetually snow clad regions, and they are the sources of major perennial rivers of India that flow from the Garhwal region. The middle Himalaya is located between 1,000m and 3,500m, with three sub-zones -the alpine pastureland, the highlands and mid-altitudes. The alpine pasturelands (2,800m-3,500m), which are known as 'Bugyal', are the most fragile ecosystems. The whole area is rich in a high diversity of medicinal plants. The highlands (1,800m-2,800m) are characterised by land. Pine is the main forest type. Wheat and paddy along with citrus fruits and onion are the major crops grown in this region. Climatic conditions remain conducive during the summer as this region has many world famous hill resorts. The lower Himalaya (below 1,000m), also known as the Shivalik hills, is the low-lying river valleys and foothills of the Himalaya. Sub-tropical deciduous forests with small bushes are the main forest types found in this region. Sugarcane, paddy, wheat, mango, litchi, guava and papaya are the major food and fruit crops grown in this region. Table 2 shows altitude, climatic conditions and key hazards in some places of Garhwal Himalaya. Altitude varies from 250m to 3,500m. Temperature decreases with increasing altitude. During summer, the average temperature varies from 26. 
Data Acquisition and Survey Method
The study was conducted in the period December 2014 -February 2015. A mix of qualitative and quantitative techniques was used. Data was collected from both primary and secondary sources. Household level survey was conducted to gather primary data. We selected two villages from the region -Ali and Nagar Kotiyana. Both villages are located at 1,000-1,100m altitude along the roadside, in the middle catchment of the Pindar River basin, a sub-system of the Ganges. Administratively, they are part of Tharali sub-taluk in the Chamoli district.
The total number of surveyed households was 37 -10 in Ali and 27 in Nagar Kotiyana. The survey was based on a questionnaire that asked the age of the head of household, their education, family size, the average number of people who had migrated from the family, changes in population size, land use patterns, cropping patterns, the production and productivity of crops and the number of livestock both in 1990 and 2014 (Table 3 ). The total households of both villages were surveyed. Additionally, the extension official and workers (total 15) of the various departments -mainly horticulture, agriculture and soil conservation -were also interviewed. They work mainly on rural development. They were asked for the present (2014) socio-ecological situation and the status of the same variables in 1990. Collected data was calculated using statistical techniques such as minimum, maximum and mean value. These villages are mainly inhabited by Brahmin, Rajput and scheduled caste people. They are marginal farmers, holding small land and practicing subsistence farming. Per capita annual average income is Rs 320,000. The average family size was six, while on average four persons had out-migrated per family ( Table 4 ). The average age of the head of household was 56 in both villages. The malefemale ratio was high as it represents 1,008 women per 1,000men. The literacy rate was high, being more than 90% in both villages, while the rate of out-migration was above 50%. During the 1990s, mostly citrus fruits were grown in both villages, but both the area and production of citrus fruits has decreased since then.
Complementary data on climate, changes in area under crops, migration, literacy and natural hazards and disasters were collected from the secondary sources based on statistical reports and a literature review. Climate data such as average temperature during summer and winter and average rainfall were gathered from the Meteorological Department Dehradun (2011) and altitude and key hazards in these places were gathered using GPS and personal observation. A study on changes in 
Results
Social Transformation
Increase in infrastructural facilities, level of education and changes in employment are seen as the major driving forces of social transformation in the Garhwal region. Rural-urban migration reduces the population size of the rural areas. A report of the Economic and Statistical Directorate (2013) says that the Garhwal region has experienced large-scale rural-urban migration (15.3% of the total population), equal to Uttarakhand state (15.3%).
Meanwhile, in our study case, even about 50% of the local population has out-migrated to the urban centres (Table 5) . A study on the sex ratio, literacy and population density (censuses of 2001 and 2011) of Uttarakhand and Garhwal region and the case study villages (1990-2014) were illustrated. The Garhwal region has higher sexratio, literacy and population density. Migration to city centres was mainly driven by improved educational and employment opportunities. Migration and literacy in the seven districts of the Garhwal region are presented in Table 6 . Out-migration from the Garhwal region is registered at 15.3%. At the district level, the highest percentage of migration is from the Tehri district (32.7%) followed by the Pauri district (31.1%). Similarly, migration from the Chamoli district is 28.4%, while the Rudraprayag and Uttarkashi districts have 27.2% and 21% respectively. The two plains districtsDehradun and Hardwar -have the lowest migration rates with 7.3% and 5.9% respectively. In comparison with the national average (74%), the literacy rate is significantly higher, being 85% (highest) in Dehradun, while the average literacy rate is 79.9% in the whole Garhwal region. The average literacy in the case study villages was 96%. High literacy represents a good educational standard in the case study villages. In the villages where the level of education is high, the percentage of migration is also high. Table 7 presents social and ecological changes in the case study villages between 1990 and 2014. A study on changes in the population size of the villages shows that of the total population, 65% of people have out-migrated from Ali village and 34% from Nagar Kotiyana village to urban areas. Similarly, changes were noticed in the area under cash and cereal crops in both villages. Land under cereals decreased to 75% in Ali village and 77% in Nagar Kotiyana. Similarly, a large-scale decrease in land under fruit crops was noticed in both villages, reported as 80% and 50% respectively. Consequently, the production of fruit crops decreased (80% in Ali and 66% in Nagar Kotiyana). Livestock is the main socio-economic activity and a major source of livelihood. A decrease in livestock population was also observed -92% and 60% respectively.
Ecological Transformation
Changes in the land use pattern, cropping pattern and a decrease in crop production and per hectare yields are the major ecological transformations observed in the Garhwal Himalaya. Table 8 summarises the impact of climate change on the cultivation of fruits and food crops in the different altitudinal zones. It further shows agrarian changes in terms of a decrease in the area under cereal crops and the shifting of fruit crops to higher altitudes. Data on 17 villages of Kewer Gadhera Sub-Watershed were gathered from secondary sources. These villages are located at altitudes varying from 1,000m to 2,200m. The main crops grown in this watershed are apple, potato, citrus, cereals/millet, paddy, wheat and onion. In 1990, the total arable land was 46.9 ha. This came down to 41.1 ha (a reduction of 12%). The area under various crops such as apple (70%), potato (60%), citrus (70%), cereals/millet (41%) and onion (75%) also decreased during the period 1990-2014. In the meantime, paddy (94%) and wheat (63%) area increased.
Marginal farmers have been adapting to climate change in their farming systems in recent decades. Cash crops have replaced the traditional cereals, with apple in the highlands, citrus fruits in the mid-altitudes and off-season vegetables in the valleys. Apple was grown between 1,600-2,000 m in the past, whereas recently the apple growing areas were not only moved to higher altitudes, but were also substantially decreased in size. Additionally, the productivity and quality of the apples decreased. In the mean time, the cultivation of citrus fruits at 1,100-1,600 m altitude has vanished. In the case study villages, the production of fruits decreased by 75% compared to the situation in 1990. This was substituted by cultivating onion in the mid-altitudes and the valleys and potato in the highlands, but this was not successful. At present, wheat and paddy are the most successful crops and are the major food support systems. However, the production pattern is not sufficient to feed the rural people. Consequently, marginal farmers have largely outmigrated to urban centres to cope with the menace of food insecurity and malnutrition. Depletion of forest resources, decreasing number of livestock, unemployment and land abandonment are the other socio-ecological consequences. In the river valleys, along the roadsides, agricultural land has been transformed into commercial land. The small service centres have been turned into large towns.
The impact of climate change was largely noticed in the cultivation of apple. Apple grows in the temperate region of the Garhwal Himalaya. The suitability of the climate and the availability of arable land provide the basis to grow apple. In 1976, the state government felt the need to demarcate the temperate region of the whole Garhwal region to establish a fruit region. Table 9 presents changes in area under apple orchards located in the five major fruit belts in the Chamoli district. The apple orchards were spread over 21 villages and 84ha of land in 1990. Delicious apples were grown and exported. The area under apple orchards has now decreased to 48.8% of Source: Patwari circle (a revenue unit), Narainbagar, Chamoli, Uttarakahnd, 1990 and 2014; *altitude was measured by GPS during field visit. Source: District Horticulture Department-Gopeshwar, Chamoli, Uttarakhand, 1990 and this extent. The quality and quantity of apple has reduced in many orchards and the products are now consumed locally.
Discussion
The whole Garhwal region underwent dramatic socialecological transformation through climate change induced changes in the agricultural systems and through migration particularly of the younger generation to city centers. The unusual trends in precipitation and temperature have led to a decrease in area (77% under cereals and 50% under fruits) and production (66% in fruit crops) in the two case study villages. This has resulted in the large-scale abandonment of arable land. The impact of climate change on the area of fruits and food crops has been enormous in recent decades. A study of 17 villages of KGSW shows that arable land has decreased by about 12% between 1990 and 2014. The major changes were noticed in the fruit and vegetable growing area, with a fall of about 70%. A decreasing trend in the area under apple orchards in the major temperate fruit belts of the Garhwal region was also noticed during the study period. The area under apple orchards decreased by 48.8% in the five apple belts. The subtropical and temperate belts which were known for growing citrus and apple fruits, respectively during the past have been tend to the higher altitudes due to warming of the valleys and mid-altitudes. Since, human habitation is only limited to the mid-latitudes and the highlands are uninhabited thus, these fruit crops have been vanished from these areas. A decrease in diversity of cereal crops has been noticed. The area under cereals crops has been replaced by wheat and paddy crops in the valleys and mid-altitudes and the cropped land in the highlands has been abandoned. Weather induced disasters have transformed the Himalayan landscape and forced people to look into alternatives and leave the place. The Garhwal region has received severe weather induced disasters during the past decades. Among these disasters, cloudburst triggered debris-flows and flashfloods, mass movements and landslides are prominent. Every year and in each river valley, severe disaster takes place that causes heavy loss to life and property. The whole Himalayan region has fragile ecosystem. Deepening of river valleys and uplifting of mountain peaks due to tectonic movements is a continuous process. Overtime, frequency and intensity of weather induced disasters have increased multifold due to high variability and changes in climatic conditions. This whole process transformed landscape tremendously.
Rural-urban migration -15.3% from the Garhwal region and 50% from the case study villages -was driven by climate change, growing population and education factors. Climate change driven low production and productivity of crops led to land abandonment and thus, an exodus population out-migrated to other areas where they were satisfied to carry their livelihood sustainably. In other areas, high population growth put pressure on the limited niche based arable land. The carrying capacity of arable land decreased and it was not enough to feed the growing population. The level of education is higher as 79.9% people are literate from the Garhwal region and about 96% people are literate from the case study villages. Generally, the educated youth do not work in the agricultural fields rather they prefer working in the secondary and tertiary sectors. Employment opportunities in the plain regions of the state and elsewhere in the country have also manifested rural-urban migration, as the whole Garhwal region is lacking in this aspect. All these driving forces led to socio-ecological transformations in Garhwal region.
Conclusion
The socio-ecological transformation that the whole Garhwal region is experiencing can be minimized by stepping up several policy measures, largely through government assistance and people's participation. The Garhwal region has suitable agro-climatic conditions to grow various cultivars/crop races. It varies from subtropical to temperate and alpine. The development of agriculture, horticulture and livestock farming can be initiated keeping the suitability of crops according to the agroclimatic conditions in mind. The scheme of establishing apple belts in the temperate regions should be reviewed and re-launched and the whole Garhwal region should be demarcated into various fruits belts. Government agencies involved in rural development programmes should develop a methodology through innovation in agriculture, horticulture and livestock farming and training should be imparted to marginal farmers to cultivate new cultivars/ crop races that are suitable to be grown even under climate change situation. The Garhwal region is well known for its tourist destinations and pilgrimages. Tourism can be developed through practicing eco-tourism. Several steps can be taken to mitigate natural hazards such as a largescale forestation campaign and avoiding construction works in sensitive areas, particularly in river valleys. The development of infrastructural facilities by establishing small-scale industries that are best suited to the landscape and based on raw materials available locally such as non-timber based forest products, the establishment of government and private sector job-providing institutions and value addition in agricultural and horticultural products will generate income and augment employment and will control out-migration as well.
